Synthesis General
Unless stated otherwise, all reagents were obtained from commercial sources and used as received without further purification. Diethyl ether and toluene were dried by passing over activated alumina. Diisopropylamine was dried by distillation over CaH 2 . N-Bromosuccinimide was recrystallized from boiling water. 3,5-Trihexylsilylbromobenzene, S1 hexakis-(4-[4-phenylpyridine])benzene S2 (T6) and 5,15-bis[(triisopropylsilyl)ethynyl]porphyrin S3 (P1a) were synthesized according to literature procedures.
NMR spectra were recorded on a Bruker AVII400, Bruker AVIII400 (400 MHz) or Bruker DRX500 (500 MHz) spectrometer. The residual solvent peak was used as internal reference (chloroform, 1 H δ = 7.26 ppm, 13 C δ = 77.2 ppm. Multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, and m = multiplet) and coupling constant(s) were reported whenever possible Analytical gel permeation chromatography (GPC) was performed on a JAIGEL H-P pre-column, a JAIGEL 3H-A (8 mm × 500 mm) and a JAIGEL 4H-A column (8 mm × 500 mm) in series with toluene/pyridine 100/1 as eluent or on two PLgel 3 µm Mixed-E columns (2 × 300 mm length, 7.5 mm diameter) and two PLgel 5 µm Mixed-D columns (3 × 300 mm length, 7.5 mm diameter) in series with THF as an eluent. Preparative recycling GPC was performed on a JAIGEL H-P pre-column, a JAIGEL 3H (20 mm × 600 mm) and a JAIGEL 4H column (20 mm × 600 mm) in series with toluene/pyridine 100/1 as eluent. Figure S1 . Synthesis of nanotube t-P12·(T6) 2 .
Free-base porphyrin 1
To a solution of 3,5-trihexylsilylbromobenzene (0.65 g, 0.90 mmol) in Et 2 O (5 mL) at -78 °C under N 2 atmosphere was added dropwise n-BuLi (1.6 M in hexanes, 0.56 mL, 0.90 mmol). The mixture was warmed to room temperature and stirred for 1 h. This solution was added dropwise to a solution of P1a (100 mg, 0.15 mmol) in THF (5 mL). The mixture was stirred at room temperature overnight. Water (0.5 mL) was added, followed by DDQ (102 mg, 0.45 mmol). The reaction mixture was stirred for 20 min before addition of Et 3 N (0.2 mL). The volatiles were removed in vacuo and the residue was taken up in CH 2 Cl 2 (50 mL) and washed with H 2 O (2 × 30 mL). The organic layer was dried over Na 2 SO 4 and concentrated. Column chromatography (9:1 PE:CH 2 Cl 2 ) afforded 1 (0.15 g, 0.11 mmol, 76%) as a purple solid. 
Zinc porphyrin 2
To a solution of 1 (0.15 g, 0.11 mmol) in CHCl 3 (5 mL) was added a solution of zinc acetate dihydrate (0.11 g, 0.50 mmol) in MeOH (1 mL). The mixture was stirred at room temperature for 1 h before filtration over a short silica plug (100:1 CH 2 Cl 2 :pyridine). 
Bromide-substituted porphyrin 3
To a solution of 2 (164 mg, 0.11 mmol) in CHCl 3 (5 mL) and pyridine (0.5 mL) was added Nbromosuccinimide (21 mg, 0.12 mmol). The mixture was stirred overnight at room temperature. TLC (4:1 petrol:CH 2 Cl 2 , R f ≈ 0.45, starting material is fluorescent while product is not) indicated the presence of starting material and additional NBS (2 × 10 mg) was added until the reaction was complete. The volatiles were removed in vacuo and the residue was purified by column chromatography (4:1 PE:CH 2 Cl 2 , + 1% pyridine) yielding 3 (97 mg, 0.067 mmol, 56%) as purple solid. 
Tris alkyne-substituted porphyrin 4
In a 25-mL two-necked flask were placed 3 (97 mg, 0.067 mmol), Pd 2 dba 3 (6.4 mg, 0.007 mmol), CuI (1.3 mg, 0.007 mmol) and triphenylphosphine (3.7 mg, 0.014 mmol). Toluene (4 mL) and N,Ndiisopropylamine (2 mL) were added and the mixture was deoxygenated by freeze-pump-thaw cycles. Trimethylsilylacetylene (14 µL, 0.1 mmol) was added and the reaction mixture was stirred overnight at room temperature. The volatiles were removed in vacuo and the residue was purified by column chromatography (5:1 PE:CH 2 Cl 2 , + 1% pyridine) yielding 4 (98 mg, 0.067 mmol, 100%) as a purple solid. 
Dimer 5
To a solution of P1b (261 mg, 0.186 mmol) in dry toluene (5 mL) and diisopropylamine (5 mL) was added Pd(PPh 3 ) 2 Cl 2 (6.3 mg, 9 µmol), CuI (17 mg, 0.09 mmol) and 1,4-benzoquinone (41 mg, 0.38 mmol). The mixture was stirred at 20 °C for 4 h before removal of the volatiles in vacuo. The residue was passed through a short silica column (4:1 PE:CH 2 Cl 2 +1% pyridine) and subsequently purified by size-exclusion chromatography (BioBeads SX-1, toluene) yielding 5 (246 mg, 0.088 mmol, 94%) as a green-purple solid. 
Deprotected dimer P2 and t-P12·(T6) 2
To a solution of 5 (42 mg, 0.015 mmol) in CH 2 Cl 2 (8 mL) was added TBAF (0.15 mL of a 1.0 M solution in THF, 0.15 mmol). The solution was stirred at 20 °C for 30 min and then directly passed through a silica plug (CH 2 Cl 2 +1% pyridine) yielding crude P2 (~35 mg) after evaporation. This was used in the next step without further purification. 90-0.85 (m, 36H) . Crude P2 was dissolved in CHCl 3 (~10 mL) and hexakis-(4-[4-phenylpyridine])benzene (T6) (23.7 mg, 0.024 mmol) was added. After stirring for 5 min, a UV/vis absorption spectrum was recorded to check formation of the complex. The solution was concentrated and the residue re-dissolved in dry toluene (10 mL) and diisopropylamine (5 mL). The solution was heated to 65 °C and subsequently Pd(PPh 3 ) 2 Cl 2 (2.1 mg, 3 µmol), CuI (2.9 mg, 1.5 µmol) and 1,4-benzoquinone (3.2 mg, 0.030 mmol) were added. Heating was continued for 2.5 h, and then the reaction mixture was allowed to cool before loading directly onto a silica plug and eluted with toluene. After removal of the volatiles in vacuo, the residue was passed through a second silica plug with CH 2 Cl 2 . The material was further purified by size-exclusion chromatography (BioBeads SX-1, toluene) and finally subjected to recycling GPC yielding t-P12·(T6) 2 (12 mg, 0.8 µmol, 32%) as a purple-pink solid. Figure S2 . GPC (THF) trace of t-P12·(T6) 2 before (left) and after (right) purification by recycling GPC. Detection wavelength: 529 nm. Column: two PLgel 3 µm Mixed-E columns (2 × 300 mm length, 7.5 mm diameter) and two PLgel 5 µm Mixed-D columns (3 × 300 mm length, 7.5 mm diameter) in series. Table S1 . Overview of COSY interactions 
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Computational Chemistry
Methods Molecular mechanics calculations on the complex t-P12·(T6) 2 were performed using HyperChem 8. A modified form of HyperChem's MM+ forcefield was used, to which additional bond stretch, angle bend and torsion terms had been added to describe metalloporphyrins, S4,S5 alkynes S6 and butadiynes.
S7
Minimizations were performed using the steepest descent and Polak-Ribiere algorithms.
The optimized geometry and vibrational frequencies of t-P12 were calculated at the restricted BLYP S8-S10 level of theory employing the 6-31G(d) polarized valence-double-ξ basis set, S11-S16 neglecting aryl sidegroups and templates using a C1 symmetry of t-P12 within the calculation. Tight convergence criteria were used throughout. No imaginary frequencies were found for the optimized structure. Ground state vibrational frequencies of the butadiyne stretching vibrations are reported to draw a comparison to the HT active modes observed in the fluorescence spectra. All DFT calculations were carried out using Gaussian 09.
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Computed Cartesian coordinates and energies t-P12 ( 1 A): Herzberg-Teller vibration Figure S3 . a) Direction of the change in bond length alternation during the butadiyne stretching vibration of t-P12, giving rise to a more hexatriene-like structure (labeled t, left side) or a butadiyne structure (labeled d, right side). b) Left side: Ground state structure of t-P12. Right side: Distortion (labels according to the description in a)) of the butadiyne bonds during the HT active vibration of 1. The stretching vibration is calculated to be found at 2160 cm -1 at the BLYP/6-31G(d) level of theory. Figure S4 . Left side: Ground state structure of t-P12. Right side: Zoom-in of the distortion (labels according to the description in Figure S3 , only the distortions of two oppositely situated butadiynes of t-P12 are shown for clarity, image is the same as on the left side) of the butadiyne bonds during a HT active vibration of t-P12. This stretching vibration is calculated to be found at 2160 cm -1 at the BLYP/6-31G(d) level of theory.
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Photoluminescence Upconversion Spectroscopy
The photoluminescence (PL) upconversion technique was used to investigate fluorescence dynamics of sample solutions held in quartz cuvettes as described in detail elsewhere. S18-S19 An excitation pulse was generated by a mode-locked Ti:Sapphire laser with pulse duration of 100 fs and a repetition rate of 80 MHz. Fluorescence is collected and optically gated in a beta-barium-oxide (BBO) crystal by a vertically polarized time-delayed gate beam. The upconverted signal, which consists of sum-frequency photons from the gate pulse and the vertical component of the fluorescence, was collected, dispersed in a monochromator and detected using a nitrogen-cooled CCD. Using a combination of a half-wave plate and a Glan-Thompson polarizer, the polarization of the excitation pulse was varied and fluorescence intensity dynamics were recorded separately for components polarized parallel ! ∥ and perpendicular ! ! to the excitation pulse polarization. The fluorescence anisotropy is defined using ! = (! ∥ − ! ! )/(! ∥ + 2! ! ) and calculated from the measured components. The full-width-half-maximum of the instrumental response function was measured to be 270 fs. No anisotropy decay was observed, indicating that any polarization decay must occur within 200 fs for this level of signal-to-noise.
The concentration of the sample solution was on the order of 10 !! mol/L. The excitation fluence was kept low (0.32 µJ/cm 2 ) to avoid fluorescence quenching via exciton-exciton annihilation. The detection wavelength was 941 nm.
